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Abstract. The bioprotective effect against parasitic nematode Heterodera schachii Schmidt of new 
microbial PR/PGP inducers on the wild spring rape plants of Kalinivsky cultivar and RNAi 
transgenic rape plants was studied. In the field conditions on the artificially created invasive 
background the considerable diminishing of amount of nematodes on the roots of wild rape plants up 
to 89.7 % - under action of Avercom and up to 38.5 % - under action of Avercom-nova 2 was found. 
The increasing of productivity of grain yields of infected by nematode wild rape plants up to 2775.6 
pounds/ha - under action of Avercom and up to 2156.1 pounds/ha - under action of Avercom-nova 2 
compared to control was observed. Using Dot-blot hybridization method the increase of difference in 
the degree of homology between the cytoplasmic mRNA from control rape plants and small 
regulatory si/miRNA from infected by nematode and treated with PR/PGP inducers Avercom, 
Avercom nova-1 and Avercom nova-2 rape plants: up to 30-39 % - for wild and up to 38-47 % - for 
RNAi transgenic plants was found. In the wheat embryo cell-free system of protein synthesis the 
considerable increase of silencing activity of si/miRNA isolated from infected by nematode and 
treated with these PR/PGP inducers rape plants: up to 26-43 % - for wild and up to 58-86 % - for 
RNAi transgenic rape plants on the templates both of nematode mRNA and rape plant mRNA was 
revealed. Results of the study indicate that PR/PGP inducers increase synthesis of si/miRNA with 
specific anti-nematodic activity in the rape plants. Owing to this process the increase of resistance of 
wild and RNAi-transgenic rape plants to parasitic nematode occurs. 
 
Keywords: plant parasitic nematode, wild and RNAi transgenic rape plants, PR/PGP inducers, 
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Introduction 
 The actual problem of successful economic development of countries, which 
have effective agriculture, is an increase of productivity of agricultural crops under 
the maintenance of the ecological state and fertility of cultivated soils. The 
ecologically safe biotechnological means play an important role in realization of this 
strategy aimed to obtaining high-quality products of plant-growing and 
improvement of the ecology of environment due to diminishing of pesticide toxicity, 
which is used for chemical protection of plants from diseases and pests (Compant et 
al., 2005; Doran et al., 1996). For today application of pesticides reached dangerous 
amounts. Getting to soils these compounds violate natural physical, chemical and 
biological processes (Downing et al., 2004; Gerhardson 2002). Pesticides have a row 
of adverse effects such as pest dependability to them, nonselective action and 
oppression of useful biological objects, and pollution of environment as well. 
Ecologically safe biological means are more promising, in particular Microbial Plant 
Resistance (PR) and plant growth promotion (PGP) inducers (PR/PGP inducers), to 
which there is no habit-forming of pests. In addition these formulations promote to 
increase of plant systemic resistance to biotic and abiotic stresses (Gupta and 
Dikshit, 2010; Kerry, 1987). 
 Plant parasitic nematodes belong to the most widespread and dangerous 
factors for grain, vegetable and industrial crops. These pests cause diseases of 
mixed nematode-microbial etiology that result in diminishing of crop productivity. 
In different countries, crop losses reach 25 - 70% and at extreme conditions they can 
reach 90 - 100 % (Rivoal and Cool, 1993; Stevens and May, 2010). Therefore, 
creation of modern meanses for biocontrol of crop pests spread is very actual 
direction of development of plant-growing (Bleve-Zacheo et al., 2007). Sugar beet 
cyst-forming nematode Heterodera schachtii Schmidt is dangerous pests that cause 
heteroderosis of sugar beet in almost 40 countries worldwide (Gerhardson, 2002; 
Stevens and May, 2010). The largest yield losses because of this nematode are 
observed during sugar beet growing in a monoculture and in high concentrations 
(up to 60 - 80 %) in the crop rotation of plant- host cultures. Risk of increasing of 
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harmfulness of sugar beet nematode for rape plants arises in recent years as a 
result of increasing areas of growing of rape plants at the crop rotations of sugar 
beet. Therefore the question of limiting the spread of these dangerous pests becomes 
more actual (Curto, 2008).  
 The currently existing means for control of nematodes’ distribution and 
protection of crops from pests’ invasion are soil fumigants, nematicides and 
insecticides of synthetic origin (Fuller et al., 2008; Oka, 2010). However, in most 
countries, a tendency limiting their practical applications is observed because of 
their high toxicity to humans and contamination of the environment. Excessive use 
of chemical facilities of plant protection and mineral fertilizers causes a number of 
negative consequences such as forming of resistant races of causative disease agents; 
reduction of quantitative and quality composition of natural microbial cenosis, 
mainly, due to diminishing to the quantity of useful microbial populations; an 
accumulation of toxic compounds in the environment (Downing et al., 2004).    
 Among the biological antiparasitic facilities the bio-formulations on the basis 
of antiparasitic macrolide antibiotics avermectins – metabolite products of soil 
streptomycete Streptomyces avermitilis are the most promising. Currently 
avermectins are considered as the most effective biological substances against 
parasitic nematodes, claws and harmful insects (Burg et al., 1979; Fisher, 1990). 
 The new effective nematicidic PR/PGP inducers Avercom and its derivates 
Avercom nova-1 and Avercom nova-2 were created on the basis of metabolite 
products of soil streptomycete Streptomyces avermitilis UCM Ac-2179 in Zabolotny 
Institute of Microbiology and Virology, National Academy of Sciences of Ukraine. 
These nematicidic PR/PGP inducers contain antiparasitic antibiotic avermectin and 
the complex of biologically active compounds, namely, lipids (including free fatty 
acids), aminoacids, vitamins of the B group and phytohormones: indole-3-acetic acid, 
isopentenyl adenine, zeatin, zeatin riboside, brassinosteroids (Iutynska, 2012). High 
nematicide and growth stimulating activity of the PR/PGP inducers is confirmed on 
vegetable crops, however their biological efficiency was not investigated on rape 
plants. 
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 New promising strategy for prevention of plant defeat by nematodes and 
increase of their resistance to these pests is application of RNA interference 
technology (RNAi) for control of expression of genes that are accountable for 
reproduction cycle of pathogenic organisms and pests by the way of Post-
Transcriptional Gene Silencing (PTGS) (Felippes et al., 2012; Jagtap et al., 2011; 
Llave et al., 2002; Yu and Kumar, 2003). 
 Gene silencing was first demonstrated for the free-living nematode, 
Caenorhabditis elegans, and the underlying mechanism of RNAi has subsequently 
been studied in depth for this nematode (Fire et al., 1998). The impact of this work 
was recognized in 2006 by the award of the Nobel Prize in Physiology and Medicine 
to Andrew Fire and Craig Mello. Gene silencing mediated by either degradation or 
translation arrest of target RNA has roles in adaptive protection against pathogenic 
organisms, genome defense against mobile DNA elements and developmental 
regulation of gene expression (Bakhetia et al., 2005; Fabian et al., 2010; Filipowicz 
et al., 2005; Vaucheret, 2006). These silencing systems involve processing of two 
type small regulatory RNAs: short interfering RNA (siRNA) and microRNA (miRNA) 
(Hamilton and Baulcombe, 1999; Hamilton et al., 2002; Katiyar-Agarwal and Jin, 
2010; Zhang et al., 2007).  
Now a great success in cloning of parasitic organisms’ genes is reached. 
During the last years the vectors containing dsRNA (double stranded RNA) which is 
specific to pest genes have been constructed with the application of RNAi technology 
and transgenic plants (transformed by these vectors) with increasing resistance to 
pathogenic and parasitic organisms have been obtained (Agrawal et al., 2003; Dinh 
et al., 2014; Hirai and Kodama, 2008; Jiarui et al., 2011; Klink and Matthews, 2009; 
Liu and Zhu, 2014; Rosso et al., 2005; Senthil-Kumar and Mysore, 2010; Sindhu et 
al., 2009; Thakur et al., 2014; Tsygankova, Yemets et al., 2013).  
In our earlier researches (Tsygankova, Yemets, et al. 2013) we have 
constructed vector containing dsRNA that is antisence to the conservative region of 
8Н07 gene of nematode H. schachtii. Using A. tumefaciens-mediated genetic 
transformation we have obtained RNAi transgenic rape plants with increased 
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resistance to this nematode. Considering the fact that obtained rape plants contain 
vector with dsRNA that is specific for only one major gene for the life cycle of pest, 
therefore a very important question is to verify the possibility of additional increase 
of resistance of RNAi transgenic rape plants against nematode H. schachtii with use 
of new microbial nematicidic PR/PGP inducers. The aim of this work was study of 
impact of new nematicidic PR/PGP inducers Avercom, Avercom nova-1 and Avercom 
nova-2 on morpho-physiological and genetic indexes of resistance to parasitic 
nematode H. schachtii of wild and RNAi transgenic rape plants containing dsRNA 
that is specific to the conservative region of 8Н07 gene of this nematode.  
 
Materials and Methods 
Plant Growing and Treatment 
Nematicidic PR/PGP inducer Avercom was obtained by ethanol extraction 
from of 7-days biomass of Streptomyces avermitilis UCM Аc-2179, the concentration 
of avermectin is 100 μg/ml. Its modifications are: Avercom nova-1 that contains 50 
ml of Avercom with antibiotic avermectin at concentration 100 μg/ml with adding 50 
ml of supernatant of cultural liquid of Streptomyces avermitilis UCM Ас-2179 and 
0.05 mM of salicylic acid (the total content of avermectin is 50 μg/ml) and Avercom 
nova-2 that contains 50 ml of Avercom with antibiotic avermectin in concentration 
100 μg/ml and 50 ml of supernatant of cultural liquid of Streptomyces avermitilis 
UCM Ас-2179 and 0.01 mM of water-soluble chitosan of “Sigma” Company (the total 
concentration of avermectin is 50 μg/ml) (Iutynska, 2012). Systemic insecticide 
Confidor Maxi (ingredient is Imidacloprid - 700 g/kg) was used also. Field 
experiments were conducted on spring wild rape plants of Kalinivsky cultivar, the 
molecular-biological experiments were conducted in the laboratory conditions on 
RNAi transgenic rape plants Brassica rapa ssp. оleifera obtained according to 
technique described in detail in the work (Tsygankova, Yemets et al., 2013). Wild 
spring rape plants of Kalinivsky cultivar were grown in field conditions on black 
earth with insignificant content of soil organic matter (soil layer is a 0-20 cm) 
having the following agrochemical characteristics: content of soil organic matter –  
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4.53%, total nitrogen – 0.27 – 0.31 %, total phosphorus – 0.15 – 0.25 %, movable 
(changing) phosphorus – 3.3 – 3.4 mg, movable (changing) potassium – 9.8 – 10.3 
mg in 100 gm of soil, рН of salt extraction – 6.9. Experiments were carried out on 
plot of land with size 13.5 m2 and randomized disposition. An artificial invasive 
background was created by bringing in soil before sowing of highly infectious 
material taken from natural soil samples contaminated with sugar beet nematode H. 
schachtii.  
In the field experiments rape seeds were treated with nematicidic PR/PGP 
inducers Avercom and Avercom nova-2 before sowing and during a vegetation 
period in phase of plant bushing out as well. Efficiency of nematicidic PR/PGP 
inducers was compared to the action of chemical insecticide Confidor Maxi. In the 
control seeds were processed with the equivalent volume of water. All the 
experiments were performed in three replicates as follows (Table 1). 
Soil samples for nematological analysis were taken using manual drill 
according to standard techniques (Southey, 1986), nematodes were isolated from the 
soil by watering-can method (Southey, 1986), and determination of nematode 
species was carried out according to the methods described in the methodical 
guidelines (Chen et al., 2004). The quantity of nematodes (plant parasitic, 
mycohelmints and saprophytic nematodes) was determined in the rhizosphere soil 
of plants in middle (July and August) and at the end of vegetation period 
(September) according to a method described in the methodical guidelines (Chen et 
al., 2004). Diminishing of nematode population density in the soil (in %) was 
calculated according to difference of the nematode amounts (pieces/100g of soil) 
determined in rhizosphere soil of experimental wild rape plants compared to control 
plants.  
Determination of amount of viable bacteria in the rhizosphere soil of rape 
plants was executed during flower and maturation phases by Plate Count 
Techniques (on pour or spread plate): a soil sample was decimally diluted and 
subsamples from the dilution tubes were plated on an appropriate agar culture 
medium. Colonies were counted after a suitable incubation period and the number 
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of colony forming units (CFU) per gram of dry soil was determined (Zuberer, 1994). 
The soil respiration intensity was estimated as the CO2 production (mg CO2 per 1 g 
of soil during 1h) by chemical titration (Alef et al., 1995).   
 All the experiments were performed in three replicates. The statistical 
analysis of the data was carried out by the methods described in methodical 
guidelines (Statistical Methods in Biology, 1995) and computer programs Statistica 
6.0 and Microsoft Excel ’00.  
 In the molecular-biological experiments we verified impact of nematicidic 
PR/PGP inducers on morpho-physiological signs and genetic indexes of resistance to 
nematode H. schachtii of wild rape plants of Kalinivsky cultivar and RNAi 
transgenic rape plants Brassica rapa ssp. оleifera. RNAi transgenic rape plants 
were obtained using A. tumefaciens-mediated genetic transformation by our 
constructed vector containing dsRNA with antisense sequences to the conservative 
region of 8Н07 gene of nematode H. schachtii (Tsygankova, Yemets, et al. 2013).  
 Seeds of wild and RNAi transgenic rape plants were sprouted in Petri dishes 
(9.5 cm in diameter) in nematode-free dechlorinated aqueous medium (control 
variant). In the experimental variants the impact of nematicidic PR/PGP inducers: 
Avercom, Avercom nova-1 and Avercom nova-2 on additional increase of resistance 
of wild and RNAi transgenic rape plants to nematode invasion was verified. For this 
aim seeds of these plants were sprouted with a suspension of nematodes H. 
schachtii eggs (at the concentration 20-50 nematode eggs/per 20 seeds, from which 
the nematode larvae was appeared during incubation process in 5-7 days later) and 
on aqueous medium with a solution of each nematicidic PR/PGP inducers (at the 
concentration 20 μl of each nematicidic PR/PGP inducers/ml of distilled water with 
final content of avermectin – 0.02 μg/ml). 
 
Isolation of Small Regulatory si/miRNA Populations 
To determine the impact of PR/PGP inducers on molecular-genetic indexes of 
plant resistance to parasitic nematodes (i.e. on characteristics of mRNA and 
si/miRNA populations as well as on silencing activity of si/miRNA populations) we 
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isolated total RNA from the cells of control and experimental wild and RNAi 
transgenic rape plants and separated si/miRNA populations according to our 
elaborated and earlier published method (Tsygankova, Andrusevich, Ponomarenko 
et al., 2012). The size (of 21-25 nt) of isolated si/miRNA populations labeled before 
isolation in vivo with 33P using Na2HP33O4 (Tsygankova, Stefanovska, Galkin et al., 
2012) was verified by electrophoresis in a 15% polyacrylamide gel (PAGE) stained 
with ethidium bromide solution prior to photographing RNA fractions under UV 
light (Sambrook et al., 1989). Obtained gel was dried out in the thermal vacuum 
dryer (LKB, Sweden). The fluorography of gel was carried out according to the 
method described in guideline (Bonner and Laskey, 1974), in the gel we added 
fluorescent reagent 2,5-diphenyl-1,3-oxazole (Osterman, 1981) and exposed gel with 
X-ray film during two months at - 70°C.  
 
Identification of Degree of Homology Between si/miRNA and mRNA 
Populations 
To determine the degree of homology between cytoplasmic mRNA and small 
regulatory si/miRNA populations, isolated from control and experimental wild and 
RNAi transgenic rape plants, we performed hybridization of si/miRNA with fraction 
of cytoplasmic RNA populations using Dot-blot method described in methodical 
guidelines (Promega Protocols and Applications Guide, 1991; Sambrook et al., 1989). 
Hybridization was conducted on modified and activated cellulose filters (Whatman 
50, 2-aminophenylthioether paper of Company Amersham-Pharmacia Biotech, UK). 
These filters form covalent linkages with deposited DNA or RNA unlike the 
cellulose and nitrocellulose filters that form hydrogen bonds with DNA or RNA 
enabling to avoid losses of the nucleic acids in the course of the filter washing out 
(Sambrook et al., 1989). Radioactivity of hybrid molecules was detected (imp./count 
per min/20 μg ± SE of mRNA) on glass Millipore AP-15 filter in toluene scintillator 
using Beckman LS 100C scintillation counter. Degree of homology (in %) was 
determined according to the difference of hybridization between mRNA and 
si/miRNA populations isolated from experimental and control wild and RNAi 
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transgenic rape plants (Tsygankova, Stefanovska, Galkin et al., 2012; Tsygankova 
et al., 2014). 
 
Determination of Silencing Activity of si/miRNA Populations in the 
Cell-Free System of Protein Synthesis 
Investigation of silencing activity (i.e. inhibition of translation of own plant 
mRNA or nematode mRNA) of si/miRNA populations, isolated from wild and RNAi 
transgenic rape plants (that were not treated or treated by nematicidic PR/PGP 
inducers) was conducted in the wheat embryo cell-free system of protein synthesis, 
which is widely used along with the rabbit reticulocyte lysate cell-free system and 
cell-free system from syncytial blastoderm Drosophila embryos (Marcus et al., 1974; 
Sambrook et al., 1989; Tang et al., 2003; Tuschl et al., 1999). Preparation of cell 
free-system is described in details elsewhere (Marcus et al. 1974; Sambrook et al. 
1989). Reagents of different companies, namely Amersham-Pharmacia Biotech, UK; 
New England Biolab, USA; Promega Corporation Inc, USA and Boehringer, Dupont, 
NEN, USA and Mannheim GmbH, Germany were used in our researches. In the 
cell-free system the determination of inhibition of protein synthesis by si/miRNA 
populations on the template of own plant mRNA or nematode mRNA was carried 
out according to index of decreasing of incorporation [35S] methionine into proteins 
and was accounted (in imp./count per min/1mg of protein) on glass filter Millipore 
AP-15 in toluene scintillator in the scintillation counter LS 100C (Bonner and 
Laskey, 1974; Osterman, 1981). Unlabelled si/miRNA populations were used for 
testing of their inhibitory activity in the cell-free system of protein synthesis. The 
silencing activity of si/miRNA populations (%) isolated from control and 
experimental wild and RNAi transgenic rape plants was determined as a difference 
of radioactivity of polypeptides (in imp./count per min/1mg of proteins), which were 
synthesized on template of nematode mRNA or own plant mRNA, isolated from 
control and experimental variants (Tsygankova et al., 2014). 
 The statistical analysis of the data was carried out by dispersive (Student) 
method (Statistical Methods in Molecular Biology, 2010).   
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 Results  
 Impact of Nematicidic PR/PGP Inducers on Morpho-Physiological 
Signs of Wild and RNAi Transgenic Rape Plant Resistance to Parasitic 
Nematodes and on Soil Microflora 
   Biometric researches that were conducted in the field conditions showed that 
wild rape plants of Kalinivsky cultivar, which were grown on artificial invasive 
background (created by nematode Heterodera schachtii Schmidt) and treated (pre-
sowing treatment of seeds and crop spraying) with nematicidic PR/PGP inducers 
Avercom and Avercom nova-2, are more viable according to morpho-physiological 
signs and resistant to nematodes compared to control wild rape plants that were not 
treated with PR/PGP inducers (Table 2). Avercom exerted the most positive effect 
on biometric indexes of rape plants. Therein height of treated with PR/PGP inducer 
plants exceeded height of control plants up to 14.7 %. The same results were 
obtained on plants treated with Avercom nova-2: their height exceeded similar 
index of control plants up to 8.4 % likewise.  Comparative study of impact of 
insecticide Confidor Maxi on plant height showed increase of this index up to 12.6 % 
at plants treated with insecticide compared to control plants. It should be noted that 
crops of wild rape plants, which were grown on control plots and were not treated 
with nematicidic PR/PGP inducers, were rarefied with the signs of defeat by 
nematodes and had low height. 
 The analysis of density of nematode population complex showed the 
considerable diminishing of total amount of parasitic nematodes on roots of wild 
rape plants that were treated either with Avercom (up to 87.9 %) and Confidor Maxi 
(up to 74.4 %). Avercom nova-2 decreased of nematode population on fewer amounts 
(up to 38.5 %) compared to control plants (Table 3). All investigated PR/PGP 
inducers diminished of total amount of mycohelmints in rhizosphere of wild rape 
plants (up to 57.9 − 88.0 %) compared to control plants. Amount of saprophytic 
nematodes (which are harmless for plants) decreased under action of Avercom and 
Confidor Maxi.                                                                          
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The soil state is important for agro-ecosystem stable functioning, in 
particular in cause of use of bio-formulations in plant growing. Healthy soils were 
maintained by the microbial communities that help to form associations of plant 
growth promoting rhizobacteria with plant roots, to recycle plant nutrients, to form 
soil organic matter (Arias et al., 2005). It is known some indicators for evaluating 
its current status, in particular the soil respiration activity recognized as general 
index of soil biological activity. Soil respiration activity (CO2 emission) is biological 
oxidation of organic matter to CO2 by aerobic organisms, notably microorganisms. It 
is positively correlated with soil organic matter content, and often with microbial 
biomass and microbial activity.  
Obtained data suggest that at the rhizosphere of wild rape plants treated with 
PR/PGP inducers the biological activity of soil was changed (Fig. 1). 
At an average during vegetation period the statistically reliable increase in 
activity of CO2 emission up to 54 % compared to control was marked in the variant 
with application of Avercom nova-2. Meanwhile, application of chemical insecticide 
Confidor Maxi repressed activity of CO2 emission up to 42 % compared to control 
variant.  
Study of rhizosphere microbial communities of wild spring rape showed 
activation of development of quantity of microorganisms of some ecologically-trophic 
groups at use of PR/PGP inducers containing avermectin (Fig. 2). 
It was found out the greater quantity of microorganisms, which participate in 
transformation of organic compounds and fixing of atmospheric nitrogen, in the 
rhizosphere of wild spring rape plants treated with PR/PGP inducers compared to 
control. The quantity of nitrogen-fixing microorganisms that improve nitrogen 
nutrition of plants due to fixing of atmospheric nitrogen increased in rhizosphere of 
wild rape plants treated both with Avercom – up to 1.2 times and Avercom nova-2 - 
up to 2.2 times compared to rhizosphere of control plants. In these variants the 
quantity of phosphate mobilizing bacteria (that release for plants of soluble 
phosphorus from inconsiderably available compounds) increased up to 1.6 - 3.1 
times. At conditions of application of PR/PGP inducers the quantity of 
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ammonificating and amylolytic microorganisms that are able to hydrolyze of 
complex organic compounds (proteins and starch) in rhizospheric soil increased up 
to 1.7 - 2 times compared to rhizosphere of control plants.  
It should be noted that use of chemical insecticide Confidor Maxi impinged on 
development of phosphate mobilizing, ammonificating and amylolytic 
microorganisms, which quantity was below of control variant in 1.2 - 1.7 times. 
Such difference in action of PR/PGP inducers and insecticide could be explained 
those that PR/PGP inducers contain the complex of physiological active substances 
that influence positively on soil microorganisms and stimulate development of wild 
rape plants and increase of root quantity.  
In the field experiments we obtained results that testify to high bio-protective 
and stimulating action of PR/PGP inducers Avercom and Avercom nova-2 on 
increase of yield indexes of wild spring rape plants of Kalinivsky cultivar (Table 4).  
At use of PR/PGP inducers Avercom and Avercom nova-2 the yield of wild rape 
plants exceeded up to 2775.6 and 2156.1 pounds/ha (up to 199.5 and up to 155 % 
accordingly) of control variant. Chemical insecticide Confidor Maxi increased a yield 
less - up to 1895.9 pounds/ha (up to 136.3 %). Obtained results could be explained 
those that unlike chemical insecticide the PR/PGP inducers contained not only 
antibiotic avermectin (which possesses specific anti-nematodic activity), but also 
physiologically active substances (i.e. phytohormones, lipids, fatty acids, vitamins 
etc.) stimulating height and development of plants, and promoting plant resistance 
against pathogens as well. As a result of these processes the positive action on plant 
development and bio-protective efficiency PR/PGP inducers was higher compared to 
chemical insecticide.  
In the laboratory conditions the impact of the nematicidic PR/PGP on the 
morpho-physiological signs and genetic indexes of resistance of wild and RNAi 
transgenic rape plants to parasitic nematode Heterodera schachtii was studied. The 
wild and RNAi transgenic rape plants that were not treated and treated with 
PR/PGP inducers Avercom, Avercom nova-1 and Avercom nova-2 and grown on an 
infectious background (created by the larvae of parasitic nematode H. schachtii) are 
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shown in Fig. 3. The considerable increase of viability and resistance to nematode 
invasion of wild and RNAi transgenic rape plants that were treated with PR/PGP 
inducers compared to control plants was found. 
 
Impact of Nematicidic PR/PGP Inducers on Changes in the Degree of 
Homology between si/miRNA and mRNA Populations 
Using Dot-blot hybridization method (Promega Protocols and Applications 
Guide, 1991; Sambrook et al., 1989) the difference in the degree of homology (in %) 
between the populations of cytoplasmic mRNA isolated from control uninfected by 
the larvae of nematode H. schachtii and untreated with PR/PGP inducers wild and 
RNAi transgenic rape plants and si/miRNA isolated from experimental infected by 
the larvae of nematode H. schachtii and treated with PR/PGP inducers wild and 
RNAi transgenic rape plants was obtained (Fig. 4). The most difference in the 
percent of homology was observed between the populations of cytoplasmic mRNA 
isolated from control uninfected plants and si/miRNA isolated from experimental 
infected wild and RNAi transgenic rape plants which were treated with PR/PGP 
inducers as follows: Avercom (up to 39 % - for wild and up to 47 % - for RNAi 
transgenic plants), Avercom nova-2 (up to 34 % - for wild and up to 43 % - for RNAi 
transgenic plants) and Avercom nova-1 (up to 30 % - for wild and up to 38 % - for 
RNAi transgenic plants). Less difference in the percent of homology was obtained 
between the populations of cytoplasmic mRNA from control uninfected plants and 
si/miRNA from experimental infected and untreated with PR/PGP inducers wild 
and RNAi transgenic rape plants: up to 29 % - for RNAi transgenic and up to 12 % - 
for wild rape plants compared to control plants: up to 99 % - for wild and up to 97 % 
- RNAi transgenic rape plants. Obtained results testify that these PR/PGP inducers 
activate synthesis of populations of immune-protective si/miRNA in the cells of wild 
and RNAi transgenic rape plants.           
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Impact of Nematicidic PR/PGP Inducers on Silencing Activity of 
si/miRNA Populations 
Comparative analysis of silencing activity (i.e. inhibiting of translation of 
mRNA isolated from cells of control and infected plants) of si/miRNA populations 
isolated from control and experimental wild and RNAi transgenic rape plants was 
carried out in the wheat embryo cell-free system of protein synthesis (Marcus et al., 
1974; Sambrook et al., 1989) (Fig. 5). It was found that according to index of 
inhibition of translation of mRNA isolated from cells of infected plants the most 
higher silencing activity showed si/miRNA populations isolated from experimental 
wild and RNAi transgenic rape plants, which were grown on infectious background 
(created by nematode H. schachtii larvae) and treated with PR/PGP inducers: 
Avercom nova-1 (up to 43 % - for wild and up to 73 % - for RNAi transgenic plants); 
Avercom-nova-2 (up to 37 % - for wild and up to 69 % - for RNAi transgenic plants) 
and Avercom (up to 32 % - for wild and up to 58 % - for RNAi transgenic plants). At 
the same time si/miRNA populations, isolated from experimental RNAi transgenic 
rape plants infected and untreated with PR/PGP inducers, showed silencing activity 
which reached up to 52 %, lowest activity which reached up to 18 % showed 
si/miRNA populations isolated from wild rape plants infected and untreated with 
PR/PGP inducers compared to activity of si/miRNA isolated from control uninfected 
and untreated with PR/PGP inducers wild and RNAi transgenic rape plants: up to 
99 %  - for wild and up to 100 % - for RNAi transgenic rape plants. 
In the wheat embryo cell free system of protein synthesis it was carried out 
also a comparative analysis of silencing activity (i.e. inhibiting of translation of 
mRNA isolated from larvae of nematode H. schachtii) of si/miRNA populations, 
isolated from the same control and experimental wild and RNAi transgenic rape 
plants (Fig. 6). We have found the increase of differences in the silencing activity 
between si/miRNA populations isolated from cells of wild and RNAi transgenic rape 
plants that were not treated or treated with PR/PGP inducers. It was found that 
insignificant silencing activity showed si/miRNA populations isolated from the cells 
of wild rape plants grown in absence and in presence of infectious background and 
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untreated with PR/PGP inducers: up to 11 % - for control and up to 19 % - for 
experimental rape plants. This fact testifies insignificant homology between 
nematode mRNA and si/miRNA populations isolated from wild rape plants. 
Considerably higher activity showed si/miRNA populations isolated from the cells of 
RNAi transgenic rape plants grown in absence and in presence of infectious 
background and untreated with PR/PGP inducers: up to 43 % - for control and up to 
68 % - for experimental rape plants. These results testify higher homology between 
nematode mRNA and si/miRNA populations isolated from RNAi transgenic rape 
plants obtained using A. tumefaciens-mediated genetic transformation by vector 
containing dsRNA with antisense sequences to the conservative region of 8Н07 gene 
of nematode H. schachtii (Tsygankova, Yemets et al., 2013). In the wheat embryo 
cell-free system of protein synthesis on the template of nematode mRNA the 
considerable increasing of silencing activity of si/miRNA populations isolated from 
cells of wild and RNAi transgenic rape plants that were treated with nematicidic 
PR/PGP inducers was found. The highest activity showed si/miRNA populations 
isolated from cells of experimental wild and RNAi transgenic rape plants grown on 
infectious background (created by larvae of nematode H. schachtii) and treated with 
PR/PGP inducers: Avercom nova-1 (up to 34 % - for wild and up to 86 % - for RNAi 
transgenic plants);  Avercom nova-2 (up to 30 % - for wild and up to 82 % - for RNAi 
transgenic plants) and Avercom (up to 26 % - for wild and up to 75 % - for RNAi 
transgenic plants).  
Obtained results confirm that PR/PGP inducers cause reprogramming of 
plant genome, i.e. induce synthesis of si/miRNA populations with specific silencing 
activity both to own plant mRNA (which increasing level of expression promotes of 
nematode infection) and to homologous mRNA of nematodes. 
 
Discussion 
Modern methodical approaches for the decision of problem of increase of plant 
resistance to pathogenic organisms are based on revealing of molecular-genetic 
mechanisms of interaction between plant-host and pests with the aim of 
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identification of gene families that control plant resistance and immune-protective 
properties against pathogenic and parasitic organisms, or genes which increasing 
level of expression, on contrary, promotes defeat of plants by pests (Ellis and Jones, 
2003; Heikal et al., 2008; Klink and Matthews, 2009;  Mang et al., 2009; Molecular 
plant-microbe interactions, 2009; Shamray, 2003; Sindhu et al., 2009; Thakur et al., 
2014; Quentin et al., 2013; Williamson, 1999). Plant hormones and bioregulators of 
natural origin as well as genetic engineering methods are used for upregulation or 
downregulation of expression of these genes (Atkinson and Urwin, 2012; Block et al., 
2005; Denancé et al., 2013; Erb et al., 2012; Fuller et al., 2008; Gachomo et al., 2003; 
Giron et al., 2013; Groot and Dicke, 2002; Heil and Bostock, 2002; Jia et al., 2013; 
Jouanin et al., 1998; Kästner et al., 2014; Keresa et al., 2008; Khan et al., 2009; 
Liao et al., 2006;  Naseem and Dandekar, 2012; Nelson et al., 2014; Olaiya et al., 
2013; Pieterse et al., 2009; Studham and MacIntosh, 2012; Vavrina et al., 2004). 
 Today it is known that in the immune protection of plants from pathogenic 
and parasitic organisms a leading role is carried out by a small regulatory si/miRNA 
that take part in realization of signals of plant hormones, which regulate expression 
of genes that are accountable for plant immune defense both on the transcription 
level by the way of TGS (i.e. by the way of methylation of DNA and modifications of 
histones) and on the post-transcription level by the way of PTGS (i.e. by the way of 
silencing of translation of mRNA) (Zhang et al., 2007; Zhang et al., 2011; Katiyar-
Agarwal et al., 2006; Katiyar-Agarwal et al., 2007; Li et al., 2010; Li et al., 2012). In 
the nature conditions in the plants defeated by pathogens or parasitic organisms 
the synthesis of small regulatory si/miRNA, which play the main role in plant 
resistance to pathogenic organisms, considerably increases (Hewezi et al., 2008; 
Katiyar-Agarwal and Jin, 2010; Li et al., 2012; Lуpez et al., 2012; Padmanabhan et 
al., 2009; Shen et al., 2014; Vaucheret, 2006; Yang and Huang, 2014; Zhang et al., 
2010). Unfortunately a level of its synthesis is not always sufficient for prevention 
of plant invasion by pests.  
Promising strategy is creation of plants with enhanced resistance to pests by 
induction of RNA-interference process in the plant cells, i.e. increase of synthesis of 
82                                           Advances in Bioscience and Bioengineering 
 
endogenous small regulatory si/miRNA populations (which contains antisense 
(complementary) sequences both to the mRNA of plants and pests) using of plant 
hormones, bioregulators of synthetic and natural origin, or genetic engineering 
methods (Agrawal et al., 2003; Bakhetia et al., 2005; Dinh et al., 2014; Fuller et al., 
2008; Gheysen and Vanholme, 2006; Hewezi et al., 2008; Hirai and Kodama, 2008; 
Jagtap et al., 2011; Jiarui et al., 2011; Júnior et al., 2013; Karakas, 2008; Khan et 
al., 2009; Klink and Matthews, 2009; Nelson et al., 2014; Olaiya et al., 2013; Rosso 
et al., 2005; Senthil-Kumar and Mysore, 2010; Pieterse et al., 2012; Sindhu et al., 
2009; Spoel and Dong, 2012; Tamilarasan and Rajam, 2013; Tsygankova, 
Andrusevich, Ponomarenko et al., 2012; Tsygankova, Роnоmаrenko, Hrytsaenko, 
2012; Tsygankova, Stefanovska, Galkin et al., 2012; Tsygankova, Andrusevich et al., 
2013; Tsygankova, Yemets et al., 2013; Tsygankova et al., 2014; Vavrina et al., 2004; 
Wani et al., 2010). 
It is found that the most important for nematode life cycle genes (that have 
high homology to many eukaryotic genes) can be considered as target genes for 
silencing (Baum et al., 2007; Bleve-Zacheo et al., 2007; Tamilarasan and Rajam, 
2013; Tsygankova, Yemets et al., 2013). These genes control various cellular 
processes: DNA replication, transcription, RNA processing, synthesis of tRNA, 
translation, control of ribosome functioning and tRNA, control of modification 
processes, secretion and protein transfer, control of their stability and degradation, 
and control of the functioning of mitochondrion and the metabolism of protein 
mediators; genes for the control of the cell cycle (proteins of cytoskeleton, i.e., 
tubulins) and the cell structure, transfer of endo- and  intercellular signals, 
processes of endocytosis, and ionic regulation; genes of nematodes enzymes, 
destroying cell walls in plant roots; genes of the secretory proteins of esophageal 
glands (the expression of which is necessary for the penetration of nematode stylet 
into special plant root cells, i.e., feeding sites); genes of the reproductive cycle (major 
sperm proteins) and the genes of chitin synthetase (which controls formation of the 
solid chitin cover on the nematode eggs) (Ajjappala et al., 2012; Bradley et al., 2009; 
Bleve-Zacheo et al., 2007; Dinh et al., 2014; Fanellia et al., 2005; Klink and 
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Matthews, 2009; Patel et al., 2010; Quentin et al., 2013; Rosso et al., 2005; Sindhu 
et al., 2009; Tamilarasan and Rajam, 2013; Tsygankova, Andrusevich,  
Ponomarenko et al., 2012; Tsygankova, Yemets et al., 2013; Tsygankova et al., 
2014).  
The plant host genes, which express at highly level during process of plant 
invasion and thereof promote the penetration of parasitic nematodes in the roots, 
were also identified as target genes for silencing. The most important ones include 
the following gene families: pathogenesis-related proteins (PRPs), protein 
transporter of auxin PIN2 (EIR), proteins of ethylene-responsive factors (ERFs) and 
of some transcription factors (AP2, MADS-box, bZIP, bHLH, and NAC genes), 
gibberellin regulatory proteins, enriched with the proline the extension-similar 
proteins, proteins-transporters of nitrates NTP2, as well as the genes of 
pectinesterase, ferritin, cytochrome P450, chalcon synthaze, cell wall metabolism 
proteins, etc. (Ascenzi, 2010; Favery et al., 2008; Ithal et al., 2007; Jammes et al., 
2005; Tamilarasan and Rajam, 2013; Wiig, US Patent No. 2010115660, 2010; Wiig, 
US Patent No. 2010107276, 2010).  
In our early conducted field and greenhouse experiments it was found that 
PR/PGP inducers Avercom and its modifications considerably promote (up to 85-
100 %) resistance of many agricultural plants such as wheat, tomatoes, potato and 
cucumbers to the defeat by parasitic nematodes as follows Tylenchorbynchus dubius, 
Pratylenchus pratensis, Meloidogyne incognita та Diethylenchus destructor 
(Iutynska, 2012; Iutynska et al., 2013; Tsygankova, Andrusevich, Beljavskaja et al., 
2012; Tsygankova et al., 2014). In these investigations using Dot-blot method of 
hybridization of cytoplasmic mRNA and small regulatory si/miRNA from control 
and experimental wheat, tomatoes, potato and cucumbers plants infected by 
nematodes and also testing silencing activity of small regulatory si/miRNA isolated 
from control and experimental plants in the wheat embryo cell-free system, it was 
shown that the PR/PGP inducer Avercom and its modifications promote RNA-
interference process in the cells of the plants defeated by nematodes, i.e. PR/PGP 
inducers increase synthesis of small regulatory si/miRNA with specific anti-
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nematodic properties (Iutynska et al., 2013; Tsygankova, Andrusevich, Beljavskaja 
et al., 2012; Tsygankova et al., 2014). Obviously, this immune-protective effect of 
PR/PGP inducers is connected with presence in their composition, foremost, of 
phytohormones (i.e. auxins, cytokinins, gibberellins and brassinosteroids) that 
stimulate synthesis of specific to the genes of plants and pests si/miRNA in the 
plant cells.  
The results that were obtained in this work are correlated with above 
mentioned data which indicate the impact of nematicidic PR/PGP inducer Avercom 
and its modifications on reprogramming of genome both of wild rape plants of 
Kalinivsky cultivar and RNAi transgenic rape plants Brassica rapa ssp. оleifera. As 
a result, there is intensification of synthesis in the plants of small regulatory 
si/miRNA with specific (antisense) sequences to major for the life cycle of parasitic 
nematode H. schachtii genes as well as genes of infected plants (which increasing 
level of expression promotes defeat of plants by nematodes). Owing to this process 
the plant resistance to these pests considerably increases.  
 
Conclusion 
In the field and laboratory conditions according to morpho-physiological signs 
of plants treated with nematicidic PR/PGP inducer of microbial origin Avercom and 
its modifications it was shown that them use promote decrease of defeat by the 
parasitic nematode H. schachtii  both of wild rape plants of Kalinivsky cultivar and 
RNAi transgenic rape plants Brassica rapa ssp. оleifera. The positive changes in 
development of rhizosphere microflora and productivity of wild rape plants treated 
with PR/PGP inducers were found. In the molecular-biological experiments the 
increase of difference in the percent of homology between the populations of 
cytoplasmic mRNA isolated from control rape plants and si/miRNA isolated from 
control and experimental wild and RNAi transgenic rape plants:  up to 30-39 % for 
wild and up to 38 - 47 % for RNAi transgenic plants was shown. Obviously, obtained 
difference at the percent of homology is explained by the fact that these PR/PGP 
inducers activate synthesis of small regulatory si/miRNA with high anti-nematodic 
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activity in the wild and RNAi transgenic rape plants. The confirmation of this fact 
is our results witnessing about the considerable increase in the wheat embryo cell-
free system of silencing activity (i.e. inhibiting of translation of mRNA of infected 
rape plants and mRNA of nematode H. schachtii) of small regulatory si/miRNA 
populations: up to 26-43 % - for wild and up to 58-86 % - for RNAi transgenic rape 
plants that were treated with nematicidic PR/PGP inducers. 
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Table 1. Conditions of treatment of seeds of wild spring rape plant of 





of 1 t of seeds 
Treatment during of vegetation period 
at the phase of bushing out  on 1 
hectare of plant sowing 
Control 10 L of water 200 - 250 L of water 
Avercom 1 ml/10 L of water 2-2,5 ml/200 - 250 L of water 
Avercom nova-2 0,5 ml/10 L of water 1-1,5 ml/ 200 - 250 L of water 




Table 2. Biometric indexes of control and experimental wild spring rape 
plants of Kalinivsky cultivar  
 
Experience variant 
Average height of plants at the flowering phase 
Cm ± % in relation to control 
 Control (water) 95±2,8* − 
 Confidor Maxi 
(0,06 kg/per 1 ha on 200-250 L of water) 
107±3,4** +12,6** 
Avercom 
(2-2,5 ml/per 1 ha on 200-250 L of water) 
109±2,8** +14,7** 
Avercom nova-2  
(1-1,5 ml/per 1 ha on 200-250 L of water) 
103±3,0** +8,4** 
Note. **Significant differences from control values*, p < 0.05, n =3, (-) decreasing; (+) 
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Average amount of nematodes at the vegetation period 
                                     (in 100 g of plant roots) 
 
Plant parasitic nematodes Mycohelmints Saprophytic nematodes 
Control (water) 390±13.1* 190±19.2* 580±16.0* 
Avercom 40±4.2** 23±3.2** 30±3.7** 
Avercom nova-2 240±12.3** 80±6.0** 600±16.3** 
Confidor Maxi  100±6.7** 70±5.6** 150±8.2** 
Note. **Significant differences from control values*, p < 0.05, n =3, (-) decreasing; (+) 
- increasing  
 
 
Table 4. Productivity of wild spring rape plants of Kalinivsky cultivar 
 
Experience variant 
Productivity of grain yield, pounds/ha Increase of 





Control (water) 1415.3 1494.7 1402.1 1256.6 1391.1 100 
Avercom 3822.8 4096.1 4512.8 4239.4 4166.7 199.5 
Avercom nova-2 3238.5 3467.8 3891.1 3584.6 3547.2 154.9 
Confidor Maxi 2784.4 3789.7 3573.6 3000.4 3287.0 136.3 
Note: LSD05 (the Least Substantial Difference) =679.0 
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